Abstract: Marine invasions have been identified in virtually all regions of the world, yet relatively few introductions have been detected in the Tropics. This has been attributed at least in part to an increase in intrinsic native community resistance at lower latitudes resulting from strongly interacting food webs in high(er) diversity systems. However, recent evidence from surveys in Australia and elsewhere indicate that tropical systems are also susceptible to invasions, though detection ability may be constrained by taxonomic limitations. Preliminary analyses of data from surveys designed to detect introduced species do not support a pattern of decreased invasion success in higher diversity systems but do indicate a strong latitudinal gradient at the mesoscale of Australia. This cannot be attributed to disparities in search effort (controlled for by consistency in survey effort) or taxonomic knowledge. The original hypothesis of a decreased relative susceptibility of tropical versus temperate biota to invasions may remain viable, but be scale dependent. Additional confounding factors may include differing vector strengths and availability of source bioregions.
The intentional and accidental transport and introduction of marine species to new regions is currently perceived to be one of the primary threats to biological diversity (Hatcher et al. 1989 , Lubchenco et al. 1991 , Norse 1993 , Suchanek 1994 ). Yet we currently do not have the necessary data to determine if the observed patterns of these introductions are a result of real differences between systems or merely reflect artifacts of sampling effort or identification ability. Marine (and estuarine) biological introductions have been detected in all oceans of the world (Pollard and Hutchings 1990a ,b, Carlton 1996b , Ruiz et al. 1997 , Hewitt et al. 1999 ), yet relatively few marine introductions have been detected in the Tropics (but see Coles et al. 1999a,b and Paulay et al. in press ). This has been attributed, in large part, to the higher diversity of native tropical communities conferring an increased resistance to invasions through an increase in biotic interactions (sensu Elton 1958) . Other hypotheses exist that might also explain the observed patterns: tropical systems have been less well surveyed, resulting in fewer detected invasions. Alternatively, the existing taxonomic knowledge in the Tropics is insufficiently advanced to aid in the recognition of invading species in most groups.
Recent evidence indicates that tropical systems are susceptible to introductions that can be as spectacular as well-known examples from higher latitudes such as the North American ctenophore Mnemiopsis leidyi into the Black Sea (Vinogradov et al. 1989) ; the Asian clam Potamocorbula amurensis into San Francisco Bay, California (Carlton et al. 1990) ; and the northern Pacific seastar Asterias amurensis invasion in southeastern Australia (Buttermore et al. 1994 , Talman et al. 1999 . The Caribbean barnacle Chthamalus proteus has successfully invaded the Hawaiian Islands and spread to intertidal habitats but does not appear to have caused substantial alterations to the community (Southward et al. 1998) . Similarly, the black-striped ''mussel'' Mytilopsis sallei has invaded port communities throughout the Indo-Pacific and has most recently been introduced into (and subsequently eradicated from) the Port of Darwin, Australia (Bax 1999 , Willan et al. 2000 .
Two primary methods exist to identify patterns of invasions: literature and/or specimen collection evaluations; and field surveys, targeting those habitats and areas most linked with overseas vectors of transport. Literature and museum collection evaluations provide the broadest coverage for a region, but these are typically inconsistent in both coverage and effort. Patterns derived from these sources alone can result in misleading indications of invasion strength and rate (Coles et al. 1999a ). In 1995 the CSIRO Centre for Research on Introduced Marine Pests (CRIMP) began a series of baseline introduced species surveys of commercial, internationally trading ports. The primary aims of this project have been to assess the degree to which Australian coastal waters have become invaded and to determine the extent to which these introduced species still pose a threat of further spread in Australia. More than 25 surveys have been conducted by a variety of organizations in all primary biogeographic provinces of Australia using a consistent survey design and methodology Martin 1996, 2001) .
In this paper, tropical and temperate invasions of Australian coastal waters are compared based on eight CRIMP-conducted introduced species surveys. In doing so, the second hypothesis presented earlier (survey intensity) is controlled for through consistency in sampling design and effort. The apparent patterns are discussed relative to the remaining two hypotheses.
materials and methods

Survey Design and Sampling Methodologies
The protocols and considerations for designing and implementing introduced species surveys of commercial ports of first call (international trading ports) have been developed in detail elsewhere Martin 1996, 2001) . A summary of the survey design considerations and protocols for methodologies is presented here. Survey design critically relies upon an explicit development of the questions being asked and the objectives of the survey. Although a systematic survey of all habitats in port environments is the only approach likely to detect all introduced species, the resources required to undertake such a survey are generally unavailable. Surveys must therefore balance detection probability with resource expenditure. Recognition of these constraints has led to the adoption of a strategy that concentrates on high-probability inoculation sites (see Martin 1996, 2001) .
Several sampling methods are used to evaluate the presence of introduced species in a variety of habitats (Table 1) . Hard substrates in commercially active port areas are typically represented by anthropogenic structures such as piles, breakwalls and facings, and occasionally natural reefs. Species in these habitats include sessile and mobile epibenthic fauna and flora. Soft substrates range from soft silty clay, mud, sand to gravel and cobble. These habitats are frequently disturbed in many port environments due to dredging activities and propeller wash from tugs and commercial vessels. Species include sessile and mobile epibenthos, infauna, and dinoflagellate cysts.
Analyses of Survey Outcomes
The port surveys reported on here were conducted by CRIMP in conjunction with other organizations ( (Figure 1 ). Taxa were sorted and identified to least taxonomic unit (species where possible) and introductions identified following the criteria of Chapman and Carlton (1991, 1994) . Those species whose native or introduced status remains unclear were deemed cryptogenic (sensu Carlton 1996a). 
Voucher specimens of all materials are maintained in the CRIMP port survey collection at the CSIRO Marine Laboratories. The numbers of native and introduced species (species richness) were tallied for each individual port and world distributions were determined from the literature. results A total of 58 introduced species was detected in the eight port surveys reported here; 28 (49.2% of all detected introduced species) were detected in the four tropical ports, and 48 (81.4% of all detected introduced species) were found in the temperate ports (Table 2) . Only 11 introduced taxa were restricted to the tropical ports. Tropical invaders included representatives from seven phyla, the most prevalent of which were ectoprocts (12), arthropods (6), and hydroids (5). Twenty-eight of the tropical species had been reported previously for Australian waters, the sole exception being the dreissenid bivalve Mytilopsis sallei. Most of the tropical introduced species (49 species or 84.7%) are fouling or encrusting species that are capable of being transported on the hulls of vessels. Sixteen new records for Australia were identified in the tropical surveys (Table 3) .
Taxonomic experts could not identify (Table 3 ) a substantial component of material collected during the surveys to species (34 to 75%). Although many of these taxa are likely to be native to Australia, they have not been rigorously evaluated to determine their native or introduced status and therefore must be considered to be cryptogenic (native origin unknown, sensu Carlton 1996a). The percentage of unresolved taxa does not significantly increase at lower latitudes (r 2 ¼ 0:151; F ¼ 1:14; df ¼ 1,6; P ¼ 0:32), and there are no differences between tropical and temperate ports (arcsine square-root transformed percentage data: t ¼ 1:36, df ¼ 6, P > 0:05).
Species richness in each port was regressed against latitude on the east and west coasts of Australia. No differences were detected between east and west coast sites for either native (t ¼ 1:64, df ¼ 6, P > 0:05) or introduced (t ¼ 0:17, df ¼ 6, P > 0:05) species richness. Total species richness increases toward the Tropics (Figure 2a : r 2 ¼ 0:376), but the regression is not significant (F ¼ 3:61; df ¼ 1,6; P ¼ 0:106). In contrast, a significant (F ¼ 7:26; df ¼ 1,6; P ¼ 0:036) increase in The origins of introduced species are difficult to discern, but presumed native regions have been recorded in Table 2 . Both tropical and temperate invasions comprise a large number of species with cosmopolitan distributions (51.7 and 39.6%, respectively). Many of these cosmopolitan species can also be attributed to specific regions of origin (Table  2) . When combined with species of more limited worldwide distribution, no apparent differences between origins of tropical and temperate invasions can be discerned except for those regions that contributed species to only tropical (West Indian Ocean and Red Sea and the Caribbean) or only temperate ports (the Mediterranean, South Africa, and New Zealand) (Figure 4) . discussion Australia has received introductions from a variety of source regions (Hewitt et al. 1999) and transport vectors during the 400 yr since initial European contact (Crosby 1986, Campbell and Hewitt 1999) . This is evident in the variety of origins represented for known introductions in Australian coastal waters (Hewitt et al. 1999 ; Table 2 ). Reviews of literature, museum collections, and surveys for introduced species have detected at least one introduced species in all coastal Australian marine bioregions (Hewitt et al. 1999) . These introductions appear to be highest in temperate regions and decrease toward the Tropics.
Three hypotheses were identified as alternate explanations for this pattern of decreased marine invasions in tropical waters. The hypothesis that tropical systems have been less well surveyed, resulting in fewer detected invasions was controlled for in this study through the use of data collected in a consistent sampling effort across all eight ports.
The question of a disparity in taxonomic knowledge between tropical and temperate systems is not supported by these survey results. Large numbers of taxa collected in both temperate and tropical ports could not be resolved to species and no significant differences were detected. The preliminary tally of new records for Australia (16 in the Tropics and 6 in temperate sites) demonstrates a high level of taxonomic expertise in a diverse array of groups. Nonetheless, taxonomic expertise is limited in Australia, and little funding is available for training.
The current paradigm revolves around the first hypothesis: that higher diversity (native) systems have an increased biotic resistance to invasions. The concept of biotic resistance is primarily supported by mathematical models (Drake 1990 , Case 1991 and has received only moderate support from field studies (Robinson et al. 1995 ; but see Stachowicz et al. 1999) , and a general consensus has yet to be reached (Williamson 1996) . This hypothesis is not unequivocally supported by the data presented here. Although a negative relationship between introduced and native species richness is apparent in Figure 3 , the slope of the regression line is not significantly different from zero. This may be due, in part, to the scale at which comparisons are being made. Unlike Stachowicz et al. (1999) , who evaluated resistance at the scale of 100 cm 2 , this study provides summary data at the level of the individual ports. It is likely that biotic resistance operates at the level of the community and comparisons should be conducted between individual berths or even between 0.10-m 2 quadrats. The original hypothesis of a decreased relative susceptibility of tropical versus temperate biota to invasions may remain viable, but may be scale dependent, as indicated by Drake (1990) .
Several confounding factors may act to create differences between tropical and tem- perate waters. The strength of individual introduction vectors appears to vary between the two regions. Hewitt et al. (1999) reported that approximately 60% of the invasions into Port Phillip Bay were associated with hull fouling. In the tropical invasions reported here, 84.7% are associated with hull fouling. In addition, trading activities in the two regions have acted to create historic differences in the availability of source bioregions for introductions; the majority of trade to Australia has been from Northern Hemisphere, temperate bioregions, favoring temperate introductions rather than tropical ones. A gross level evaluation of introduced species richness regressed against latitude suggests that eight new introductions are accumulated with every 10 degrees of increased latitude (Figure 2b ). This evaluation, however, ignores the substantial change in species composition of introduced species between sites. Until additional, rigorous surveys are conducted in other tropical regions it will be impossible to determine if the pattern observed here is a result of ecological resistance or differential inoculation pressure. conclusions 1. Based on surveys that account for differential search effort, no significant difference between the number of identified invasions of tropical and temperate regions can be detected.
2. The recognition of biological invasions relies on a critical linkage between ecology and taxonomy. Without additional resources for taxonomic activity and training, the science of invasion biology will be limited in its ability to detect pattern and develop predictive models.
3. The current invasion biology paradigm, that increased native species diversity results in an increased biotic resistance to invasions, is not supported by this study. The scale of the evaluation may, however, influence this result.
4. A strong latitudinal gradient in marine invasions exists that may be related to a combination of native species diversity, differential strength of transport vectors, and access to source bioregions.
5. Hull fouling continues to play an important role in new invasions and may be responsible for more new invasions in tropical Australia than other vectors (e.g., ballast water-mediated inoculations).
6. The evaluation of marine bioinvasions requires the development of a rigorous suite of survey standards and sampling methodologies that eliminates sampling artifacts and facilitates the comparison of regional patterns of invasion susceptibility. 
